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Several zirconium compounds have been used in experimental, diagnostic
and therapeutic medicine for several years. One of the most important of these
compounds is hydrous zirconium oxide which has been used in large quantities
for the treatment of poison ivy dermatitis. To date there has been no evidence
of toxicity following the use of this zirconium preparation.
Recently sodium zirconium lactate has been combined with other agents
sucb as sodium stearate, hexachiorophene, alcohol, glycerine, water, perfume,
and varying amounts of other ingredients and has been marketed as a deodor-
ant. During the past year, reports of granulomatous inflammatory reactions
following the use of this type of deodorant for periods of a few days to several
months have been published (1).
Laboratory experiments to study the percutaneous, intraeutaneous and
subcutaneous effects of sodium zirconium lactate and other chemicals found
in deodorants have been performed and are presented in this paper.
METHODS AND MATERIAL
Albino rabbits of 1500 to 2000 grams weight and approximately four months of age were
used in these experiments. The rabbits were shaved with an electric clipper over the pos-
terior half of the back and 0.5 cc. of the solution to be tested was injected subcutaneously.
A second injection of 0.1 cc. was made intracutaneously in the skin of the inner surface of
the ear. The rabbit's skin in this region has only sparse, extremely fine hair and is usually
covered with a protective layer of sebum, and in this respect is similar to human skin.
The reactions from these injections were measured after 48 hours, 1 week, 2 weeks, 3 weeks,
and 4 weeks. The diameter of the inflammatory infiltrate was determined and taken as an
index of the severity of the reaction. Biopsy specimens of the lesions were taken at intervals
to correlate the gross and microscopic findings.
In a second group of animals, the solutions to be tested were applied to the skin of the
car by means of saturated cotton pads. The pads were held in place for a period of 48 hours
with Scotch Tape®. The reaction was interpreted in the manner described above and interval
biopsy specimens were taken. In this group of animals, the test solutions were applied to
the skin after it had been cleaned of its fatty coating with ether.
In a third group of animals, the skin was cleansed with ether and then incised super-
ficially with a straight-back razor. These incisions were placed in a double cross and were
made very shallow to avoid bleeding. These preparations were carried out in order to simu-
ate the washing and shaving procedures, including razor nicks, on the human skin.
In order to investigate the role of a sensitivity phenomena of accumulation effect, re-
peated injections of some of the test chemical substances were performed. Measurements
and tissue biopsy were again performed as described above.
In an effort to screen the effects of the different substances contained in deodorant stick
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preparations, a preliminary screening series was carried out with the following solutions,
each solution injected as previously described in two rabbits:
I —Sodium zirconium lactate 42% solution
2.—Hexachlorophene, saturated aqueous solution
3.—Sodium zirconium lactate 21% solution
Hexachlorophene saturated aqueous solution diluted to 50%
4.—Sodium zirconium lactate 16% solution
Hexachiorophene saturated aqueous solution diluted to 669%
5.—1)iethvlene glycol 50%
Hexachlorophene saturated aqueous solution diluted to 50%
6.—Diethylene glycol 30% in 40% alcohol
Sodium stearate 30% in 40% alcohol
RESULTS
The screening series pointed out several problems (Table I). The sodium
zirconium lactate solution (42 %) when injected subcutaneously and intra-
cutaneously caused a marked inflammatory reaction to occur with necrosis
of the .skin and eschar formation. The reaction began after 24 hours and devel-
TABLE I
Inflammatory reactions following the subcutaneous and intracutaneous injection of sodium
zirconium lactate and other chemicals
Inflammatory Reaction Ulceration and Necrosis
(mm. short diameter) (mm. short diameter)Injected Material
1 wk. 2 wk. 3 wk. 4 wk. 1 wk. 2 wk. 3 wk. 4 wk.
Subcutaneous Injection
1. Sodium Zirconium lactate 42% sol. undil. 13 14 14 6 6 8 8 0
5 66 5 0 0
2. Sodium zirconium lactate sol. 21%, 11 10* 7 7
Hexachiorophene aq. sol. 50% 9 11 11 0 3 3 0
3. Sodium Zirconium lactate sol. l6%, 18 22 36 32 7 18 30 20
Hexachiorophene aq. so!. 66% 17 18 16 8 9 7 7 0
4. Hexachlorophene aq. so!. saturated 7 0 050 0
5. Hexachlorophene aq. sol. 50% 5 0 0
Diethylene glycol 50% 0 0
6. Sodium Stearate 30%, Alcohol (95%) 40%, 15 16 15 14 0
Diethylene glycol 30% 16 15 15 14 0
Intracvtan,eous Injection
1. Sodium Zirconium lactate undil. 42% 15 14 12 6 0 3 0
2. Sodium Zirconium lactate sol. 21% 7 7* 0
Hexaehlorophene aq. so!. 50%
3. Sodium Zirconium lactate 16% 9 7 0 0 0
Hexachlorophene aq. sol. 66%
4. Hexachlorophene aq. so!. saturated 0 0 0
5. Hexachlorophene aq. sol. 50% 7 0 0
Diethylene glycol 50%
6. Sodium Stearate 30%, Diethyl, glycol 30% 4 5 4 4 0
Alcohol (95%) 40%
* Animal died of unrelated cause.
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FIG. 1. Skin of the back three days after injection of sodium zirconium lactate-hexa-
chiorophene solution. The dark area above the necrotic zone is a blood clot at the site of
injection.
oped into an ulceration on the sixth day after injection. The saturated aqueous
hexachiorophene solution showed moderate inflammatory changes from the
second to seventh day after which the inflammation faded rapidly; at the end
of two weeks no residual inflammation remained. Necrosis did not occur fol-
lowing the injection of hexachlorophene. The hexachlorophene-zirconium lactate
mixtures injected subcutaneously showed violent inflammatory changes with
reactions measuring up to 18 mm. in diameter at the end of the first week and
there was central necrosis with eschar formation which persisted for four weeks
(Figs. 1, 2, 3). Two of these rabbits died from non-related causes thirteen and
sixteen days after injection.
The hexachlorophene-diethylene glycol mixture injected intracutaneously
produced a moderate inflammatory reaction which started on the second day
and subsided on the fifth to seventh day after injection. Ulceration did not
occur and there were no residual changes. The ethylene glycol-sodium stearate
solution also caused a moderate to marked inflammatory reaction that subsided
between the seventh and fourteenth day after either subcutaneous or intra-
cutaneous injection. Ulceration did not occur but a nodular mass developed
and a foreign body type granuloma had developed by the thirtieth day.
There was considerable uniformity in the microscopic picture produced by
the injection of sodium zirconium lactate solutions. The histologic picture
associated with the 42 % sodium zirconium lactate solution injections will be
described in considerable detail at this point.
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FIG. 2. Skin of the back seven days after injection of sodium zirconium lactate-hexa-
chiorophene solution. A black esehar covers the necrotic zone.
FIG. 3. Skin of the ear one week after injection of sodium zirconium laetate-hexaehloro-
phene solution.
The subcutaneous injection of sodium zirconium lactate solution produced
two types of tissue reaction; first, a typical abscess with central coagulation
occurred at the point of maximum chemical concentration and granulomatous
formation developed in areas of lesser concentration. Seven days after the injec-
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Fin. 4. Focal collections of histiocytic cells containing coarse granular material. X 120.
tion, a broad zone of polymorphonuclear leukocytes (amphophils) was present
about the margin of the abscess. Many of these cells were undergoing necrobiosis.
In the outer portion of this zone there was conspicuous capillary dilation and
edema of the collagenous bundles. In the early stages histiocytes were not
prominent in this type reaction. The histocytic reaction was noted only
at a considerable distance from the foci of maximum cellular reaction. The
granulomata were characterized by clumps of histiocytes containing granular
material (Figs. 4 & 5). The individual granules took a grayish stain and showed
considerable variation in size and shape. Multinucleated giant cells containing
the same type of granular material were frequently seen. This granular ma-
terial was not doubly refractile when viewed under the polarizing microscope.
It is of interest to note that the maximum concentration of granulomata ap-
peared to occur in and about the hair follicle structure (Figs. 6 & 7).
On the fourteenth day the macrophage reaction was marked about the margins
of the necrotic zone of the abscess although some acute inflammatory cells
persisted. On the 21st day the pathology was characterized by a mantle of
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FIG. 5. High power magnification of histiocytes shown in Fig. 4. X 495.
dense connective tissue about the central zone. New capillaries, giant cells,
and collagenous bundles were prominent.
The intracutancous reactions studied over the same time interval were less
violent with less tendency to develop abscesses. Undoubtedly this was the
result of using a smaller amount of the test chemicals (0.1 ml. intracutaneous
versus 0.5 ml. subcutaneous). Vcsicle formation due to cleavage between the
stratum corneum and stratum granulosum was frequently observed. This
surface reaction tended to subside at fourteen days but the granulomate de-
veloped which persisted for a much longer time.
\Tarious combinations of zirconium and hexachlorophene showed microscopic
changes which were essentially the same as described above. Granulomata
formation was well developed one week after injection. Granulation tissue was
prominent after three weeks. Eight weeks after injections there were relatively
avascular scars with rare macrophages containing granules which may have
been zirconium.
r
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Fin. 6. Granniomata in and about hair follicle structure. X 160.
The sodium stearate-diethylene glycol mixture merits special mention. One
week after the injection of this mixture there was marked coagulation necrosis
with many polymorphonuclear leukocytes (amphophils) present. Four weeks
after the injection, the stearate material appeared as a homogeneous
eosinophilic-staining zone with a prominent giant cell reaction. The giant cells
were larger than those associated with zirconium and generally contained fat
vacuoles (Fig. 8).
It became evident from the screening series that the sodium zirconium lactate
solution produced the most marked inflammatory changes. To further study
the reaction to this substance, which in commercial preparations is used in
20—25% strength, another series of ten rabbits were injected with aqueous
solutions containing 12.6, 10.5, 8.4, 6.3 and 4.2 % sodium zirconium lactate.
The reactions obtained from this experiment were similar to the reactions ob-
served following the administration of 4.2 % sodium zirconium lactate solution
although less violent (Table II).
4%1t; .T
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FIG. 7. Hair follicle granuloma with central foreign body type giant cell. X 160.
The reactions were somewhat variable in that more pronounced reactions
were found in the rabbits receiving 4.2, 8.4 and 12.6 % solutions than in rabbits
receiving 10.5 and 6.3 % solutions. The explanation for these observations is
not apparent. The microscopic findings associated with the various dilutions
of zirconium in aqueous solutions were in general similar to those described
above. Granulomata and abscesses were seen in all dilutions. It was not possi-
ble to accurately correlate the severity or the amount of the tissue changes
with the percentage of zirconium which had been injected. Localization of
the granulomata about hair follicles was most prominent following the injection
of 4.2 % sodium zirconium lactate solution but this change was also noted in
other zirconium strength.
On the basis of early findings, it appeared that the tissue reaction to a mixture
of sodium zirconium lactate and hexachlorophene exceeded the reaction to
sodium zirconium lactate solution alone. In order to expand the observations
on this mixture a series of eight injections with a solution containing 9.2 %
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Fso. 8. Giant cell reaction associated with the injection of sodium stearate. X 140.
sodium zirconium lactate and 3" % hexachlorophene in an aqueous solution
was carried out. As in earlier studies 0.5 cc. of the mixture was injected sub-
cutaneously and 0.1 cc. was injected intracutaneously. These rabbits reacted
far more violently and consistently than did the animals receiving separate
chemicals (Table III).
The lesions were firm, rounded infiltrates which occurred twenty-four hours
after injection. Over the central portion of the infiltrate the skin became grayish
in twenty-four hours and black in forty-eight to seventy-two hours (Figs. 1 & 2).
At the end of the first week ulcers developed at all but one injection site that
persisted for three to six weeks (Fig. 9). The average infiltrate was 22 mm. in
diameter. One rabbit died from undetermined cause on the thirteenth day after
injection.
The microscopic picture of the lesions resulting from subcutaneous injection
disclosed abscess and granulomata formation. As in other experiments abscesses
did not occur following intracutaneous injection of a smaller amount of material.
Subcutaneous Injection
1. 12.6% Sodium Zirconium lactate sol.
2. 12.6% Sodium Zirconium lactate sol.
3. 10.5% Sodium Zirconium lactate sol.
4. 10.5% Sodium Zirconium lactate so!.
5. 8.4% Sodium Zirconium lactate sol.
6. 8.4% Sodium Zirconium lactate sol.
7. 6.3% Sodium Zirconium lactate sol.
8. 6.3% Sodium Zirconium lactate so!.
9. 4.2% Sodium Zirconium lactate sol.
10. 4.2% Sodium Zirconium lactate sol.
Intracutaneous Injection
1. 12.6% Sodium Zirconium lactate sol.
2. 10.5% Sodium Zirconium lactate sol.
3. 8.4% Sodium Zirconium lactate so!.
4. 6.3% Sodium Zirconium lactate sol.
5. 4.2% Sodium Zirconium lactate sol.
16
S
10
0
14
6
10
0
18
19
Ulceration
(mm. short diameter)
1 wk. 2 wk. 3 wk. 4 wk.
6646
0
0
0
0
0
0
3
0
0
0
0
0
0
The granulomata were characterized by the presence of granular macrophages
and some giant cells. Focal calcification within the granulornata was noted as
early as three weeks after injection in some subcutaneous granulornata. Some
of the subcutaneous abscesses discharged spontaneously and sinus tract openings
were seen at three weeks following injection. It is of interest that both the
macrophages and the large giant cells with their peripherally arranged nuclei
were very prominent features of the tissues biopsied four weeks after injection
although they were somewhat distorted by the new ingrowth of connective
tissue.
In order to further study the effect of chemical combinations six rabbits
were injected with a solution of sodium zirconium lactate 9.2%, hexachloro-
phene %, sodium stearate 10%, alcohol 20% in aqueous solution (Table IV).
The reactions observed were similar to the previous series with marked
inflammation reactions measuring up to 25 mm. in diameter and with central
ulceration. These lesions persisted for a minimum of four weeks. Besidual
nodular masses with marked foreign body granuloma formation were found
in all cases. The microscopic pattern observed in this group in which stearate
and alcohol were used presented features not seen in the tissue previously
described. There appeared to be a marked increase in granulomatous reaction.
In the tissues studied two weeks after injection bizarre-shaped large giant cells
were present. In sharp contrast to previous experiments a marked acute in-
flammatory reaction was still present at the end of two weeks. There was an
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TABLE II
Inflammatory reactions following the subcutaneous and intracutaneous injection of various
dilutions of sodium zirconium lactate
Strength of Sod. Zirc. Lad. Aq. Dilution
Inflammatory Reaction
(mm. long diameter)
1 wk. 2 wk. 3 wk. 4 wk.
9
0
4
10
5
0
15
18
11
0
11
14
4
10
0
5
4
15
18
7
9
12
5
6
0
0
0
0
0
0
6
0
3 0
7
4
12
18
4
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FIG. 9. Skin of the back three weeks after a second injection of sodium zirconium lactate-
hexachiorophene solution.
TABLE III
Inflammatory reactions followinq the subcutaneous and 'intracutaneous injection of sodium
zirconium lactate 9.2% in combination with hexachiorophene
Inflammatory Reaction
(mm. short diameter)
1 wk. 2 wk. 3 wk. 4 wk.
(mm.
I wk.
Ulcer
short
2 wk.!
ation
diame
3 wk.
ter)
4 wk.
Subcutaneous !n3ection
I. Sodium Zirconium lactate sol. 9.2% 32 28 18 12 12 12 15 8
Hexachiorophene % aqueous solution
18
25
20
22
20
16
18
10
24
9
11
20
12
16
9
23*
8
7
19
28
10
5
4
16
20
1
11
11
10
0
7
10
0
10
10
10
0*
0
10
10*
0
0
12 5
Intracutaneous Injection
1. Sodium Zirconium lactate sol. 9.2% 4 0 0
Hexachiorophene % aqueous solution 4 3 0 0
9
5
4
4
0
0
0
0
* Animal died from unrelated cause.
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TABLE IV
Inflammatory reactions following the subcutaneous injection of 0.5 ml of 9.2% sodium zir-
conium lactate plus sodium stearate, hexachlorophene, and alcohol
Inflammatory Reaction(mm. short diameter)
1 wk. 2 wk.'3 wk. 4 wk.
Ulceration
(mm. short diameter)
1 wk. 2 wk. 3 wk. 4 wk.
Subcutaneous Injection
1. Sodium Zirconium Lactate 9.2%
Sodium Stearate 10%
Hexachiorophene )z%
Alcohol (70%) 15% aqueous solution
16
14
18
16
24
18
17
12
20
20
26
20
10
12
20
18
23
16
8
10
16
12
20
12
5
5
10
14
18
11
6 44 46 7
14 10
18 18
10 8
0
4
6
8
18
6
TABLE V
Inflammatory reactions following the repeated subcutaneous injection of 0.5 ml 019.2% sodium
zirconium lactate and hexachlorophene
Inflammatory Reaction(mm. short diameter)
1 wk. 2 wk. 3 wk)4 wk.
Ulceration
(mm. short diameter)
I wk.12 wk. 3 wk.14 wk.
Subcutaneous Injection
1. Sodium zirconium lactate 9.2% in aqueous 32 33 24 13 15 14 12 0
solution
Hexachlorophene % in aqueous solution 28
30
24
22
18
22
20
18
10
18
14
14
7
9
10
6
4
12
5
6
8
13
10
6
7
13
5
7
0
8
0
5
intermingling of macrophages containing a foamy material (probably zirconium).
It should be emphasized that the reaction and that the two types of granulo-
mata could be readily separated on a histologic basis. The presence of 20%
alcohol did not produce significant alterations in the tissue reaction.
In order to determine the effect of repeated contacts with sodium zirconium
lactate-hexachlorophene solution, a total of five rabbits which had previously
been injected with 0.5 cc. of the solution subcutaneously were left undisturbed
for four weeks and then reinjected with 0.5 cc. of the same solution (Table V).
After the second injection marked inflammatory reactions occurred with
induration measuring from 22 to 32 mm. in diameter with an average of 27
mm. In all animals tested central necrosis and ulceration occurred. The ulcers
measured from four to fifteen mm. in diameter and persisted for a minumim
of three weeks (Fig. 9). At the end of four weeks there was still a marked indura-
tion. Biopsy studies at this time revealed marked granulomatous reactions of
a type very similar to the ones described by Rubin and associates (1). The
severity of the inflammatory reaction from a microscopic point of view was
not easily evaluated. There was considerable variation in the acute inflammatory
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TABLE VI
Inflammatory reactions following the percutaneous application of sodium zirconium lactate
solution 9.% and hexachlorophene lz% in aqueous solution
Inflammatory Reaction Ulceration
(mm. short diameter) (mm. short diameter)
1 wk. 2 wkJ3 wk. 4 wk. 1 wk. 2 wk. 3 wk. 4 wk.
Applied to Unbroken Skin
1. Sensitized Animals 12 12 4 6 6 8 0 0320 0454034303 3 10 0 0
12 10 10 10 4 6 12 0
2. Non-sensitized animals 0 0 0 0 020 000000
4* 0*42000
Applied to Broken Skin
1. Sensitized Animals 16 10 8 5 4 5 4 012 12 10 8 8 6 6 8
6 10 7 3 4 7 4 0
13 12 15 20 11 10 9 87 9 10 0 4 7 0
2. Non-sensitized animals 6 6 4 2 06665440
12 10 8 6 10 8 6 0
6* 0*840 40
* Animal died from unrelated causes.
reaction in various areas. Two findings, however, were constantly present. The
first of these was a persistence of the necrosis and acute inflammation for a
longer period of time than observed in tissues subjected to one injection, and
in the second there was scar tissue in the four week biopsy specimens.
Inasmuch as the chemicals studied in this project are used in humans by
percutaneous application to reduce odors, animal experiments were performed
using the same route of administration. Four methods of application of the
chemicals to be studied were instituted: 1) to the intact skin; 2) to skin which
had been defatted with ether; 3) to skin which had been defatted with ether
and then injured; and 4) to skin which had been previously treated with the
chemicals to be studied. The observations obtained are summarized in Table VI.
In this series it was found, as previously described in other parts of this
study, that repeated application of the test chemicals caused a more severe
reaction to occur than that seen after a single application. In animals where
the skin was broken, the reaction, in addition to being more marked, was more
pronounced along the lines of the incision (Fig. 10). Lesions produced by per-
cutaneous application ultimately developed into firm, elevated, papular, pink
nodules which were 2—4 mm. in diameter (Fig. 11).
Fia. 10. Skin of the ear three weeks after application of sodium zirconium lactate-hexa-
chiorophene solution. This animal has been previously traumatized with razor incisions.
Fin. 11. Skin of the ear seven days after percutaneous application of sodium zirconium
lactate-hexachiorophene solution. There are small papular lesions to the left of the large
area of skin necrosis.
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Microscopic examination of tissue after the percutaneous application of
sodium zirconium lactate to the intact skin revealed a moderately severe in-
flammatory reaction followed quickly by a histiocytic response. In experiments
where the skin had been defatted, injured, or previously treated with the test
chemicals, the inflammatory reactions were much more severe than those oc-
curring in intact skin. The inflammatory changes were particularly marked
in and about the areas which were superficially lacerated. Some of these latter
destructive processes became so severe that actual disintegration of the ear
cartilage occurred.
SUMMARY AND CONCLUSIONS
1. Several experiments using albino rabbits as the test animals have been
performed to determine the tissue reactions to subcutaneous, intracutaneous,
and percutaneous infections of sodium zirconium lactate, hexachlorophene
and/or sodium stearate.
2. Acute inflammatory reactions and typical granulomatous lesions char-
acterized by histiocyte and giant cell reaction occurred after the subcutaneous
and intracutaneous injections of various dilutions of sodium zirconium lactate
and/or sodium stearate.
3. The histological reaction following the injection of sodium zirconium
lactate revealed many macrophages containing a granular substance, presumably
zirconium. Following the injection of sodium stearate there were many macro-
phages filled with large fat vacuoles, presumably stearate. The inflammatory
reactions appeared particularly severe around hair follicles.
4. Percutaneous application of the test chemicals produced acute inflam-
matory reactions with the tendency to form pink papular nodules.
5. The acute inflammatory reactions occurring in the subcutaneous and intra-
cutaneous tissue could be significantly increased in severity by repeated injec-
tions of the chemical. The severity of inflammatory reaction following percuta-
neous applications were markedly enhanced by defatting the skin, trauma, or
repeated applications of the test chemicals.
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